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A COMPARISON OF ANALOGUE AND
DIGITAL VIDEO FOR ANALYSING THE TEMPORAL
PHASES OF THE GAIT CYCLE
James C. Wall, PhD; Saud Al-Obaidi,1 PhD
Abstract: The duration of the temporal phases of the gait cycle can be determined from a slow motion video by
timing the intervals between each make and break of foot–floor contact using a multi-memory stopwatch. This
technique has been shown to be valid and reliable when using an analogue VHS video. The new MiniDV digital
video format has excellent image quality, but runs in slow motion at about twice the speed of the analogue
system. This study compared these formats with one another for measuring temporal phases of the gait cycle.
Twenty-one healthy young adults were included, and each subject walked a distance of 7 m at self-selected slow,
medium and fast walking speeds. A digital camcorder was used to videotape the subjects. A copy of this recording
was placed on an analogue VHS system. Each recording was played in slow motion and the temporal phases
were measured using the stopwatch. This process was repeated 1 month later by the same investigator. Reliability
and validity were tested through analysis of mean differences and 95% CI. Both the systems showed high
intra-rater reliability. Mean difference between the two systems was 1.429% stride time for double support phases
and –1.410% stride time for single support/swing phases.
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Introduction
The temporal phases of the gait cycle are defined by the
key events of make and break of foot–floor contact,
which, in a normal gait, are referred to as heel contact
and toe-off. The major phases of this cycle are the stance
and the swing. The stance phase is the interval between
heel contact and toe-off of the same foot, while the swing
phase is the interval between toe-off and the next heel
contact by the same foot. The stance phase may be
further divided into braking and thrusting of double
support (DS) phases that are separated by the single
support (SS) phase [1]. The durations of these phases
have been shown to be useful in demonstrating the
extent of certain gait abnormalities. For example, a
variety of asymmetrical gait patterns in residual stroke
have been based on the temporal phase [2]. Elderly
persons with difficulty in balancing have been shown
to demonstrate a cautious gait pattern, one of the
features that is longer than the normal time spent in DS
and less than normal in SS [3]. Thus, the ability to
measure these phases would provide the clinician with
©2005 Elsevier. All rights reserved.
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an effective means of more objectively assessing the gait
in a variety of conditions.
The major problem in measuring these parameters
is that they are of very short duration. In a healthy young
adult walking at a comfortable speed, stride time (ST) is
approximately 1 second; the stance and swing phases
are approximately 0.6 and 0.4 seconds, respectively, with
each DS phase lasting about 0.1 second.
There are a number of systems available that may be
used to measure the temporal phases of the gait cycle.
Most of these are based on switches that are turned
on when the foot is in contact with the ground and
turned off when in swing phase. Commercial systems
that incorporate a matrix of switches are available; and
these switches help to determine the time at which the
foot is in contact with the ground as well as the position
of the foot in both X and Y directions [4–6]. The
advantages of such systems are as follows: they are
automatic, relatively simple to use, and a printout of
the results can be made available when needed, which
may be filed along with the patient’s records. The major
drawback of these systems is that they are too expensive
to be used in many clinics.
It would be helpful if one could measure the
temporal phases of the gait cycle with a stopwatch.
However, the relatively short durations of the temporal
phases prevent one from doing this with any degree of
accuracy in real time. To overcome this problem, a
technique that utilises slow motion video has been
developed and this technique allows the temporal
phases to be determined using a multi-memory
stopwatch. The validity of the technique was ascertained
using an analogue VHS videocassette recorder that
showed slow motion at approximately 1/10 of the
normal speed [7]. Stride time, which is approximately
1 second, would, therefore, take 10 seconds when
viewed in slow motion on this system and a DS phase,
which in real time lasts for approximately 0.1 second,
it is about 1 second.
Analogue video systems are rapidly being replaced
by video systems based on digital technology.
Although there are a number of digital video formats
available, MiniDV appears to be the most commonly
used. The high quality of the slow motion image, along
with its other advantages, would appear to make the
format ideal for analysing the temporal parameters
of the gait. Unfortunately, the slow motion video of
MiniDV runs at approximately 1/5 of normal, or twice
that of the analogue VHS system. Since the slow motion
is faster, there is a greater risk of error when timing
the events of heel contact and toe-off that are required
for the measurement of the temporal gait parameters.
This study was designed to compare the gait data
obtained from the normal subjects using the digital
MiniDV format with the data recorded on the analogue
VHS format.
Methods
The study for the assessment of reliability consisted of
21 healthy young adult volunteers (16 women and
5 men). The subjects were undergraduate students in
the Department of Physiotherapy, with their age
ranging from 19–23 years. The study received ethical
approval from the Research Committee of the Faculty
of Allied Health Sciences, at Kuwait University. All
subjects signed a consent form that included permission
to be videotaped for this study. Each subject walked
along a 7-m walkway at their self-selected medium,
slow and fast speeds. A 2-m section at each end of the
walkway was used to reduce the effects of speeding-
up during gait initiation and slowing down during gait
termination. The three walks of each subject were
videotaped using a Canon GL1 MiniDV camcorder
(Canon USA Inc, Lake Success, NY, USA) that was
mounted on a tripod, 3 m to the side of the walkway
and centrally placed. The camera was pivoted to
ensure that both feet of the subject were in the field
of view at all times. A copy of this tape was placed on
a VHS video-cassette recorder. Both the analogue and
digital video systems used the NTSC standard. These
tapes were then used for the analysis of the temporal
phases of each walk. The order in which the tapes
were analysed was systematically changed from
subject to subject. Thus, subject 1 was analysed first
on the VHS system and then on the MiniDV system,
while, for subject 2, the order was reversed. The tape
was run in slow motion and the multi-memory
stopwatch (SportLine Alpha 470, E & B Giftware,
Yonkers, NY, USA) was started when there was a right
heel contact (RHC) and the split button was used to
record the time interval between each toe-off and heel
contact. From these measurements, the duration of
each temporal phase was calculated as the percentage
of ST, and their mean values were determined. All
complete strides within the central 7-m walkway were
analysed. The actual number of strides analysed
depended on the speed of walking as well as the place
at which the first RHC was made in the 7-m walkway.
For each walk, the mean values for right braking DS,
right SS, right thrusting DS and right swing were
obtained. The tapes were initially analysed from trial
1, and the process was repeated after 1 month. Data
from trial 2 were gathered in order to determine the
reliability of the technique on both systems. All
measurements were performed by one of the
investigators (JCW), who developed the technique and
is experienced in its application.
In order to test the reliability of the technique, the
VHS data from trial 1 were compared with those from
trial 2. A similar comparison was made on the data
collected using the MiniDV. In healthy individuals,
such as those used in this study, the durations of the DS
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phases are approximately the same, and of the order,
of 10% ST for a comfortable speed walk. Similarly,
the SS phases for left and right were approximately
the same, as each makes up nearly 40% of the ST. All
the 126 values (21 subjects = 3 walks = 2 DS phases)
obtained for DS in one group and the 126 SS values
in the other group were considered. This step was
thought necessary to determine if the shorter DS
phases, typically around 10% of ST, were any less
reliable than the measurements for the SS phases,
which were approximately four times longer and,
therefore, less prone to measurement error. The
differences between each pair of points for the two
trials were calculated. The 95% confidence intervals
(CI) for the mean differences were calculated using a
paired-replicate design. Statistical analysis was done
using Minitab software (Minitab Inc., State College,
PA, USA).
For assessment of validity, the data collected using
the digital system were compared to those from the
previously validated analogue system. According to the
results obtained from the reliability study, it was
considered unnecessary to use the data obtained in trial
2 for the investigation of the validity of the digital video
system. The same statistical analyses used to determine
the reliability between the trials were also used to
investigate the validity of the digital system compared
to the analogue system.
Results
Table 1 shows the mean difference between the data
collected during the two trials using the analogue system
together with the 95% CI. It also shows the results of
the statistical analyses for the DS and SS phases,
separately. Table 2 shows the results of the same analyses
for the two trials using the digital system. Table 3 shows
the mean difference between the data collected using
the two systems in trial 1 together with 95% CI.
Discussion
In order to test the intra-rater reliability of each of the
two video systems, the differences between the
measurements of the same phase for the same subject
on two occasions, trial 1 and trial 2, were determined.
Deciding on how similar the pairs of measurements
are may be determined from how close the mean
difference is to zero, how small the 95% CI is, and
whether or not that interval is distributed about the
zero. As seen in Table 1, the mean differences between
the data collected from the two trials using the VHS
system are close to zero, with the largest mean
difference being 0.032% ST. These results indicate
that the VHS system demonstrates high intra-rater
reliability. The results of the analyses of the data
collected using the digital video system (Table 2)
demonstrate that there is a strong intra-rater reliability
between the two trials as well.
The results of the analyses of the differences between
the data collected in trial 1 on the two different video
systems are shown in Table 3. The mean difference
between the two systems is 1.429% ST for the DS
phases, and –1.410% ST for the SS data. It should be
noted that the CI for the individual phases do not
include zero and, therefore, does indicate some bias.
Table 1. Differences between the data of the temporal
phases, expressed as percentages of Stride Time,
collected on the analogue (VHS) system in trial 1 and
trial 2 (VHS1–VHS2)*
SS Data DS Data
Mean –0.032 0.002
95% upper 0.141 0.156
95% lower –0.206 –0.152
*The mean differences and the upper and lower limits of the 95% CI
are shown.
SS Data = single support/swing data; DS Data = double support data.
Table 3. Differences between the data of the temporal
phases, expressed as percentages of Stride Time,
collected on the analogue system and those collected
using the digital system (VHS1–DV1)*
SS Data DS Data
Mean –1.410 1.429
95% upper –1.194 1.634
95% lower –1.626 1.223
*The mean differences and the upper and lower limits of the 95% CI
are shown.
SS Data = single support/swing data; DS Data = double support data.
Table 2. Differences between the data of the temporal
phases, expressed as percentages of Stride Time,
collected on the digital (MiniDV) system in trial 1 and
trial 2 (DV1–DV2)*
SS Data DS Data
Mean 0.062 –0.098
95% upper 0.324 0.119
95% lower –0.200 –0.316
*The mean differences and the upper and lower limits of the 95% CI
are shown.
SS Data = single support/swing data; DS Data = double support data.
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The positive difference in the data indicate that the
DS phases measured on the digital system are shorter
than those on the analogue system. The negative
dif ference for the SS data indicates that the
measurements for the SS phase are longer when made
on the digital system than on the analogue system.
These small biases may have resulted from either
pressing the split button of the stopwatch slightly after
heel contact or slightly before toe-off, or possibly a
combination of both. However, these differences are
of the order of 1.5% of ST. It should be noted that the
subjects used in this study were all healthy young adults
walking at self-selected slow, medium and fast speeds.
ST in a healthy adult walking at a comfortable speed is
approximately 1 second and so the timing errors are of
the order of 0.015 seconds. To put this into perspective,
the time to react to a change in colour on a computer
screen by clicking the mouse button is of the order of
0.20 and 0.25 seconds [8].
Since walking speeds are typically much slower than
normal in individuals with pathological gait patterns,
the phases will be longer and the effects of these timing
errors will be less. Consequently, the measurement of
the temporal phases in pathological populations should
be valid and more reliable than the measurements
demonstrated in this study. However, an investigation
on the use of the technique to analyse the temporal
phases in a variety of patients with gait abnormalities
would be needed to test this assumption.
Conclusion
Slow motion video analysis offers a cost effective method
of collecting data on the temporal phases of the gait cycle.
The new digital video systems have a slow motion
capability, running at approximately 1/5 of the normal
speed. This study suggests that these systems can be used
to collect the measurements of the temporal phases of
the gait cycle that are both reliable and valid.
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